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Background: Performance characteristics of fecal immunochemical
tests (FITs) to screen for colorectal cancer (CRC) have been
inconsistent.

Purpose: To synthesize data about the diagnostic accuracy of
FITs for CRC and identify factors affecting its performance
characteristics.

Data Sources: Online databases, including MEDLINE and EMBASE,
and bibliographies of included studies from 1996 to 2013.

Study Selection: All studies evaluating the diagnostic accuracy of
FITs for CRC in asymptomatic, average-risk adults.

Data Extraction: Two reviewers independently extracted data and
critiqued study quality.

Data Synthesis: Nineteen eligible studies were included and meta-
analyzed. The pooled sensitivity, specificity, positive likelihood ratio,
and negative likelihood ratio of FITs for CRC were 0.79 (95% CI,
0.69 to 0.86), 0.94 (CI, 0.92 to 0.95), 13.10 (CI, 10.49 to 16.35),
0.23 (CI, 0.15 to 0.33), respectively, with an overall diagnostic
accuracy of 95% (CI, 93% to 97%). There was substantial hetero-

geneity between studies in both the pooled sensitivity and speci-
ficity estimates. Stratifying by cutoff value for a positive test result
or removal of discontinued FIT brands resulted in homogeneous
sensitivity estimates. Sensitivity for CRC improved with lower assay
cutoff values for a positive test result (for example, 0.89 [CI, 0.80
to 0.95] at a cutoff value less than 20 �g/g vs. 0.70 [CI, 0.55 to
0.81] at cutoff values of 20 to 50 �g/g) but with a corresponding
decrease in specificity. A single-sample FIT had similar sensitivity
and specificity as several samples, independent of FIT brand.

Limitations: Only English-language articles were included. Lack of
data prevented complete subgroup analyses by FIT brand.

Conclusion: Fecal immunochemical tests are moderately sensitive,
are highly specific, and have high overall diagnostic accuracy for
detecting CRC. Diagnostic performance of FITs depends on the
cutoff value for a positive test result.

Primary Funding Source: National Institute of Diabetes and Diges-
tive and Kidney Diseases and National Cancer Institute.
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Colorectal cancer (CRC) is the second-leading cause of
cancer-related deaths in the United States (1). Ran-

domized, controlled trials have shown that annual or bien-
nial fecal occult blood tests (FOBTs) are associated with a
15% to 33% decrease in CRC mortality rates (2–4). How-
ever, FOBTs only detect approximately 13% to 50% of
cancer with 1 round of screening in asymptomatic patients
(5, 6). In addition, adherence to repeated rounds of
FOBTs in real-world screening programs is low, raising
concern about their effectiveness as screening tests (7, 8).

Fecal immunochemical tests (FITs) are more sensitive
at detecting both CRC and adenomas than FOBTs (9, 10).
Many FITs require only 1 or 2 stool samples, and none
require dietary or medication restrictions, increasing ease of
use. In 2008, several U.S. professional societies endorsed
the use of FITs to replace FOBTs because of the former’s
improved performance characteristics and potential for
higher participation rates (10, 11). Countries in Europe
and Asia have also adopted widespread CRC screening
programs using FITs (12, 13). However, the diagnostic
characteristics of these tests have been difficult to estimate,
with reported sensitivities ranging from 25% to 100% for
CRC and specificities usually exceeding 90% (9, 14, 15).
The lack of a precise estimate of sensitivity has resulted in
confusion among health care providers about the sources of
this variation, how best to apply FITs for CRC screening,
the optimal number of stool samples for testing, optimal
cutoff value for a positive test result, and whether any
brand of FIT is superior to others. Our analysis provides a

quantitative meta-analysis of the diagnostic accuracy (sen-
sitivity and specificity) of FITs for CRC. In addition, we
explored potential sources of heterogeneity by analyzing
subgroups classified by FIT sample number, cutoff value
for a positive test result, FIT brand, and the reference stan-
dard.

METHODS

We developed a protocol on the basis of standard
guidelines for the systematic review of diagnostic studies
(16, 17) and the strategy used for the U.S. Preventive Ser-
vices Task Force review in 2008 (9). We followed the
STARD (Standards for the Reporting of Diagnostic Accu-
racy Studies) (18) and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (19)
statements for reporting our systematic review. This study
was conducted as part of the National Cancer Institute–
funded consortium, Population-Based Research Optimiz-
ing Screening through Personalized Regimens. The overall
aim of this consortium is to conduct multisite, coordi-
nated, transdisciplinary research to evaluate and improve
cancer screening processes.
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Data Sources and Searches
We included all studies identified in the previous

USPSTF report (9) plus other studies identified by a search
of FIT for CRC between 1 January 2008 and 31 August
2013 using MEDLINE (via Ovid), EMBASE, Database of
Abstracts of Reviews of Effects, Health Technology Assess-
ment Database, Cochrane Database of Systematic Reviews,
and Cochrane Central Register of Controlled Trials. We
also searched bibliographies and reference lists of eligible
papers and related reviews, consulted experts in the field,
and contacted several authors from the included studies to
locate additional studies. The Appendix Table 1 (available
at www.annals.org) provides further details of our search
strategy.

Study Selection
Two persons independently reviewed the pertinent

studies to determine eligibility. We included studies if they
met all of the following criteria: evaluated the diagnostic
accuracy of FITs for CRC; reported absolute numbers
of true-positive, false-negative, true-negative, and false-
positive observations, or if these same variables could be
obtained from personal communication; used a random-
ized trial or cohort study design; evaluated adult partici-
pants who were asymptomatic and older than 18 years
with a mean age greater than 40 years; and reported an
appropriate reference standard (colonoscopy or �2-year
longitudinal follow-up of controls with medical records or
cancer registry). Given that only a subset of studies re-
ported data on adenomatous polyps and that there is vari-
ability in definitions of polyps, we limited the scope of this
analysis to test performance characteristics for detecting
CRC; we excluded studies reporting test performance esti-
mates for detection of adenomas only. We did not include
conference abstracts and case–control studies, which, by
creating spectrum bias, can overestimate the accuracy of a
test (20). To avoid duplicate reporting of the same popu-
lation for studies reporting several cutoff values or numbers
of samples, we used the cutoff value or sample number
most commonly used in current practice in the United
States, used in national recommendations, or recom-
mended by expert opinion in the main analyses. In addi-
tion, we selected the sample number or cutoff value a priori
that was most similar to those in other studies for our
subgroup analyses.

Data Extraction and Quality Assessment
Two reviewers independently evaluated and extracted

relevant information from each included study and assessed
study quality via the Quality Assessment of Diagnostic Ac-
curacy Studies 2 instrument (21). For studies with incom-
plete or unavailable information, we contacted the corre-
sponding authors or coauthors to complete missing
information. Of the 15 contacted authors, 12 provided
additional data. We converted units for cutoff thresholds
for a positive test result in each study to micrograms of

hemoglobin per gram of stool, as recommended by leading
experts (22).

Data Synthesis and Analysis
We calculated the sensitivity, specificity, positive pre-

dictive value, negative predictive value, positive likelihood
ratio (LR), and negative LR with 95% CI of each study. A
positive LR greater than 5 and a negative LR less than 0.2
provide strong diagnostic evidence to rule in or rule out
diagnoses, respectively (23).

The overall pooled sensitivity and specificity of FIT
for CRC were estimated using a bivariate random-effects
model (24). We calculated the pooled positive LR and
negative LR along with the respective CI using the bivari-
ate model (24) according to the method used by Zwinder-
man and colleagues (25). We also generated a hierarchical
summary receiver-operating characteristic curve that plots
the individual and summary estimates of sensitivities and
specificities along with a 95% confidence and prediction
region (26). Last, we calculated the area under the hierar-
chical summary receiver-operating characteristic curve. An
area under the curve between 0.9 and 1.0 indicates that the
test in question is highly accurate (27).

The Q value and the inconsistency index (I2) test were
used to estimate the heterogeneity between each study
(28). We regarded values of 25%, 50%, and 75% for the
I2 as indicative of low, moderate, and high statistical het-
erogeneity, respectively (28). In addition, we calculated the
between-study variance of logit sensitivity and logit speci-
ficity (24, 29). In diagnostic accuracy studies, 1 of the
primary causes of heterogeneity is the threshold effect,
which occurs when different cutoff values are used between
studies to define a positive (or negative) test result. We
searched for evidence of a threshold effect by calculating
the squared correlation coefficient estimated from the
between-study covariance variable in the bivariate model
(30).

We stratified studies into 4 subgroups on the basis of
the number of FIT samples (1, 2, or 3 samples), prespeci-
fied cutoff values of fecal hemoglobin concentration for a
positive test result (�20 �g/g, 20 to 50 �g/g, and �50
�g/g), brand, and reference standard used to follow up on
patients with negative FIT results. Cutoff values were
grouped to ensure an adequate number of data sets for each
analysis. To determine whether studies using older (discon-
tinued) FITs were causing heterogeneity in our summary
estimates, we did sensitivity analyses by removing these
studies and recalculating the I2 test for the remaining
group. In addition to threshold effect and subgroup anal-
yses, we did a bivariate random-effects meta-regression
analysis to identify additional sources of heterogeneity that
may have influenced our overall summary estimates (30).
We used the following prespecified variables for our meta-
regression: type of FIT (qualitative, point-of-care tests or
quantitative, automated tests), geographic region (Asian or
non-Asian countries), and enrollment of patients younger

Review Fecal Immunochemical Testing for Colorectal Cancer

172 4 February 2014 Annals of Internal Medicine Volume 160 • Number 3 www.annals.org

Downloaded From: http://annals.org/ by a University Hospital User  on 02/04/2014

http://www.annals.org


than 40 years. We used Stata, version 12.0 (StataCorp,
College Station, Texas), for all statistical analyses. All tests
were 2-sided, and we considered P values less than 0.05 to
be statistically significant.

Role of the Funding Source
The study was funded by the National Institute of

Diabetes and Digestive and Kidney Diseases and the Na-
tional Cancer Institute. The funding source had no role in
the conception, design, analysis, or conduct of the review.

RESULTS

Study Selection
The 2008 USPSTF report (9) included 9 studies in its

systematic review (31–39); our literature search identified
1771 additional new potential sources (Figure 1). After
abstract review, we identified 53 articles for full-text re-

view; of these, 18 unique articles satisfied all inclusion cri-
teria and were included in our analysis (14, 15, 31–46).
Because 1 article (46) evaluated more than 1 FIT brand in
a head-to-head comparison, the final analysis included 19
studies or data sets.

Characteristics of Included Studies
Table 1 and the Supplement (available at www.annals

.org) show the main characteristics of the included studies.
Eighteen articles described 19 cohort studies of FIT sensi-
tivity and specificity for CRC in average-risk asymptomatic
patients; sample sizes ranged from 80 to 27 860. Twelve
studies (14, 33–36, 40–42, 44–46) used colonoscopy in
all patients, regardless of FIT results, as the reference stan-
dard, allowing for detection of both adenomatous polyps
and CRC (although the current analysis used only each
study’s cancer end point because of heterogeneity of the

Figure 1. Summary of evidence search and selection.
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USPSTF � U.S. Preventive Services Task Force.
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polyp data). Seven studies (15, 31, 32, 37–39, 43) used
colonoscopy in patients with positive FIT results, with lon-
gitudinal follow-up of patients with negative FIT results
through cancer registries, medical records, national insur-
ance claims, or telephone contact approximately 2 years
later as the reference standard. Ten studies (14, 34–37,
39–41, 44, 45) were done in Asian countries, and 9 stud-
ies (15, 31–33, 38, 42, 43, 46) were done in non-Asian
countries. The mean age of the study populations ranged
from 45.2 to 62.7 years, with 5 studies (14, 34, 35, 39, 45)
having a mean age between 40 and 50 years. Although the
settings for recruitment of patients varied from a general
hospital to community-based clinics, all studies recruited
asymptomatic patients without a history of CRC or previ-
ous screening and often excluded those with a known his-
tory of a medical condition (that is, a genetic syndrome or
inflammatory bowel disease) that would increase risk for
CRC. Funding sources for individual studies varied: Five
studies reported nonindustry funding only (36, 37, 42, 44,
45), 2 studies reported partial industry funding (15, 33), 6
studies reported nonindustry funding except for provision
of the FIT kits by the manufacturer (31, 32, 38, 41, 43,
46), and 5 studies did not report the funding source (14,
34, 35, 39, 40).

The meta-analysis included 8 different FITs (OC-
Micro/Sensor, which involves the combination of OC-
Micro [Polymedco, Cortlandt Manor, New York] and
OC-Sensor [Eiken Chemical, Tokyo, Japan]; OC-Light
[Eiken Chemical]; OC-Hemodia [Eiken Chemical]; Mono-
haem [Nihon Pharmaceutical, Japan]; MagStream HemSp
[Fujirebio, Tokyo, Japan]; FlexSure OBT/Hemoccult ICT

[Beckman Coulter, Fullerton, California]; HemeSelect/Im-
mudia HemSp [Fujirebio]; and Ridascreen Haemoglobin
[R-Biopharm AG, Darmstadt, Germany]). However, 2
FITs (OC-Hemodia and HemeSelect/Immudia HemSp)
have been discontinued and are no longer produced in the
United States. Eight studies evaluated 1 of the qualitative
FITs (OC-Light [34, 43–45], Monohaem [36, 37],
FlexSure OBT/Hemoccult ICT [32], and Hemeselect/Im-
mudia HemSp [31]) for which the cutoff fecal hemoglobin
concentration for a positive test result was preset and the
test was read as positive or negative. Eleven studies evalu-
ated 1 of the quantitative FITs (OC-Micro/Sensor [15, 33,
41, 42, 46], OC-Hemodia [14, 39, 40], MagStream
HemSp [35, 38], and Ridascreen Haemoglobin [46]) for
which the cutoff fecal hemoglobin concentration for a pos-
itive test result could be adjusted by the end user. Six
studies (15, 31–33, 38, 40) analyzed the performance char-
acteristics of several FIT samples, whereas the remaining
13 studies (14, 34–37, 39, 41–46) used only a single-
sample FIT assay. All studies evaluating several FIT sam-
ples defined 1 or more positive samples (meeting the cutoff
threshold) as a positive result of the test overall. The cutoff
value for a positive FIT result varied widely, ranging from
6.1 to 300.0 �g/g; however, 14 studies (74%) reported a
cutoff between 10 and 20 �g/g (14, 15, 33, 34, 36, 37,
39–46).

Quality Assessment
The Quality Assessment of Diagnostic Accuracy Stud-

ies 2 instrument (21) (Appendix Figure 1 and Appendix
Table 2, available at www.annals.org) suggested the great-

Table 1. Characteristics of Included Studies in Meta-analysis

Study, Year (Reference) FIT Brand Country FIT
Samples, n

Cutoff Value for a Positive
Test Result, �g/g

Cohort
Size, n

CRC
Cases, n

Sohn et al, 2005 (14) OC-Hemodia† Korea 1 20 3794 12
Levi et al, 2011 (15) OC-Micro Israel 3 14 1204 6
Allison et al, 1996 (31) HemeSelect† United States 3 100 7493 35
Allison et al, 2007 (32) FlexSure OBT United States 3 300 5356 14
Levi et al, 2007 (33) OC-Micro Israel 3 15 80 3
Cheng et al, 2002 (34) OC-Light Taiwan 1 10 7411 16
Morikawa et al, 2005 (35) MagStream HemSp Japan 1 67 21 805 79
Nakama et al, 1999 (36) Monohaem Japan 1 20 4611 18
Nakama et al, 1996 (37) Monohaem Japan 1 20 3365 12
Launoy et al, 2005 (38) MagStream HemSp France 2 67 7421 28
Itoh et al, 1996 (39) OC-Hemodia† Japan 1 10 27 860 89
Nakazato et al, 2006 (40) OC-Hemodia† Japan 2 16 3090 19
Park et al, 2010 (41) OC-Micro Korea 1 20 770 13
de Wijkerslooth et al, 2012 (42) OC-Micro The Netherlands 1 20 1256 8
Parra-Blanco et al, 2010 (43) OC-Light Spain 1 10 1756 14
Chiu et al, 2013 (44) OC-Light Taiwan 1 10 8822 13
Chiang et al, 2011 (45) OC-Light Taiwan 1 10 2796 28
Brenner and Tao, 2013 (46) OC-Micro Germany 1 6.1 2235 15
Brenner and Tao, 2013 (46) Ridascreen Haemoglobin Germany 1 24.5 2235 15

CRC � colorectal cancer; FIT � fecal immunochemical test; LR � likelihood ratio.
* Either a colonoscopy (detects CRC and adenomas) or a 2-y longitudinal follow-up using a cancer registry (only detects CRC) was used for patients with negative FIT
results.
† Discontinued and no longer in production in the United States.
‡ Mean age �45 y because inclusion criteria for patients had to be ages �50 y.
§ Mean age �45 y because only 21% of their cohort participants were aged 40–49 y.
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est risk of bias occurred in the “flow and timing” and
“reference standard” categories. This is mainly because of
the 7 studies that used variable reference standards depend-
ing on the FIT results and because endoscopists were not
blinded to the FIT results (15, 31, 32, 37–39, 43). The
greatest concern of applicability came from the “patient
selection” category, where 7 studies included some patients
who were either younger than 40 years or older than 80
years (14, 32, 34, 35, 37, 40, 45); 2 studies included some
patients with a family history of CRC (33, 42), and 1
study had no information to determine mean age (33).

Overall Accuracy of FIT
The overall pooled sensitivity, specificity, positive LR,

and negative LR of FITs for CRC were 0.79 (95% CI,
0.69 to 0.86), 0.94 (CI, 0.92 to 0.95), 13.10 (CI, 10.49 to
16.35), and 0.23 (CI, 0.15 to 0.33), respectively (Figure 2
and Appendix Figure 2, available at www.annals.org). The
overall accuracy of FIT was 95% (CI, 93% to 97%) (Ap-
pendix Figure 3, available at www.annals.org).

Investigation of Heterogeneity
We found substantial heterogeneity between studies

when calculating the pooled sensitivity (I2 � 68.45%),
specificity (I2 � 98.50%), positive LR (I2 � 89.76%), and
negative LR (I2 � 77.78%) of FITs for CRC using the
bivariate model (Figure 2 and Appendix Figure 2). Ex-
cluding studies that used discontinued FITs reduced het-
erogeneity for sensitivity (I2 � 51.0%), specificity (I2 �
98.1%), positive LR (I2 � 88.0%), and negative LR (I2 �
42.4%). Excluding discontinued FITs also moderately in-
creased the pooled sensitivity (0.82 [CI, 0.73 to 0.89]) and

decreased the negative LR (0.19 [CI, 0.12 to 0.30]) esti-
mates without changing the pooled specificity estimates
(0.94 [CI, 0.92 to 0.95]). The percentage of heterogeneity
likely because of a threshold effect was 43%, suggesting
that the use of different cutoffs for a positive test result
between studies contributed substantially to the heteroge-
neity of our overall pooled estimates.

Subgroup Analysis
Number of FIT Samples

The pooled performance characteristics of FIT for
CRC were similar regardless of the number of stool sam-
ples tested with FITs (Table 2 and Appendix Figures 4 to
6). The pooled sensitivities for 1-, 2-, and 3-sample FITs
were 0.78 (CI, 0.65 to 0.87), 0.77 (CI, 0.59 to 0.89), and
0.80 (CI, 0.66 to 0.89), respectively (Table 2 and Appen-
dix Figures 4 to 6, available at www.annals.org). The
pooled specificities for 1-, 2-, and 3-sample FITs were 0.95
(CI, 0.93 to 0.96), 0.93 (CI, 0.90 to 0.95), and 0.93 (CI,
0.89 to 0.95), respectively (Table 2). The pooled negative
LRs for 1-, 2-, and 3-sample FITs were 0.24 (CI, 0.15 to
0.38), 0.25 (CI, 0.13 to 0.49), and 0.21 (CI, 0.12 to 0.38),
respectively (Table 2). Aside from the 3-sample FIT, we
saw high heterogeneity in the pooled 1- and 2-sample FIT
sensitivities and negative LRs (Table 2). We also saw sig-
nificant heterogeneity in the pooled 1-, 2-, and 3-sample
FIT specificities and positive LRs. When we removed dis-
continued FITs in our 1-sample FIT subgroup, pooled
sensitivity (0.78 [CI, 0.65 to 0.87]) and negative LR (0.23
[CI, 0.14 to 0.38]) estimates remained similar, but hetero-
geneity decreased from an I2 of 75.9% to 58.1% for sen-

Table 1—Continued

Mean
Age, y

Reference
Standard*

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive LR
(95% CI)

Negative LR
(95% CI)

48.9 Colonoscopy 0.25 (0.05–0.57) 0.99 (0.98–0.99) 18.91 (6.83–52.33) 0.76 (0.55–1.00)
60.4 2-y follow-up 1.00 (0.54–1.00) 0.88 (0.86–0.90) 7.59 (5.88–9.80) 0.08 (0.01–1.00)
NR‡ 2-y follow-up 0.69 (0.50–0.84) 0.94 (0.94–0.95) 12.27 (9.54–15.78) 0.33 (0.20–0.55)
58.8 2-y follow-up 0.86 (0.57–0.98) 0.97 (0.96–0.97) 28.44 (21.88–36.97) 0.15 (0.04–0.53)
NR Colonoscopy 0.67 (0.09–0.99) 0.83 (0.73–0.91) 3.95 (1.54–10.12) 0.40 (0.08–1.00)
46.8 Colonoscopy 0.88 (0.62–0.98) 0.91 (0.90–0.92) 9.69 (7.94–11.82) 0.14 (0.04–0.50)
48.2 Colonoscopy 0.66 (0.54–0.76) 0.95 (0.94–0.95) 12.13 (10.25–14.35) 0.36 (0.27–0.49)
NR Colonoscopy 0.56 (0.29–0.76) 0.97 (0.96–0.97) 16.68 (10.72–25.94) 0.46 (0.27–0.77)
NR§ 2-y follow-up 0.83 (0.52–0.98) 0.96 (0.95–0.96) 19.01 (14.10–25.62) 0.17 (0.05–0.62)
61.3 2-y follow-up 0.86 (0.67–0.96) 0.94 (0.94–0.95) 15.46 (12.94–18.48) 0.15 (0.06–0.37)
45.2 2-y follow-up 0.87 (0.78–0.93) 0.95 (0.95–0.95) 17.00 (15.44–18.73) 0.14 (0.08–0.24)
53.4 Colonoscopy 0.53 (0.29–0.76) 0.87 (0.86–0.88) 4.10 (2.65–6.35) 0.54 (0.34–0.87)
59.3 Colonoscopy 0.77 (0.46–0.95) 0.94 (0.92–0.95) 12.13 (8.10–18.18) 0.25 (0.09–0.66)
60.0 Colonoscopy 0.75 (0.35–0.97) 0.95 (0.93–0.96) 14.40 (9.05–22.92) 0.26 (0.08–0.88)
62.7 2-y follow-up 1.00 (0.77–1.00) 0.93 (0.91–0.94) 13.01 (10.75–15.74) 0.04 (0.01–0.55)
58.8 Colonoscopy 0.85 (0.54–0.97) 0.92 (0.91–0.92) 10.21 (8.02–13.01) 0.17 (0.05–0.60)
49.0 Colonoscopy 0.96 (0.82–1.00) 0.87 (0.85–0.88) 7.21 (6.41–8.12) 0.04 (0.01–0.28)
62.7 Colonoscopy 0.73 (0.45–0.92) 0.96 (0.95–0.96) 16.44 (11.46–23.59) 0.28 (0.12–0.65)
62.7 Colonoscopy 0.60 (0.32–0.84) 0.95 (0.94–0.96) 13.06 (8.29–20.57) 0.42 (0.23–0.78)
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sitivity and 84.8% to 49.8% for negative LR (Tables 2 and
3). However, specificity and the positive LR estimates and
their associated heterogeneity remained unchanged. We
could not do a sensitivity analysis in our 2-sample FIT
subgroup because of the lack of data sets or studies.

Cutoff Value for a Positive FIT Test

Varying cutoff values used to define an abnormal test
influenced the performance characteristics of FIT for CRC.
Sensitivity decreased with increasing cutoff values, from
0.86 (CI, 0.75 to 0.92) at cutoff values less than 20 �g/g
to 0.67 (CI, 0.59 to 0.74) at cutoff values greater than 50
�g/g (Table 2 and Appendix Figures 7 to 9, available at
www.annals.org). However, specificity increased from 0.91
(CI, 0.89 to 0.93) at cutoff values less than 20 �g/g to
0.96 (CI, 0.94 to 0.98) at those greater than 50 �g/g. The
negative LR decreased with decreasing cutoff values, with
those less than 20 �g/g (negative LR, 0.16 [CI, 0.09 to

0.28]) showing the strongest diagnostic evidence to rule
out CRC among the 3 cutoff groups (Table 2). The pos-
itive LRs of FITs at all 3 cutoff subgroups were sufficiently
high to be qualified as a rule-in diagnostic tool, whereas the
negative LR of FIT at cutoff values 20 to 50 �g/g and
greater than 50 �g/g were not low enough to be used as a
rule-out screening test for CRC (Table 2). We saw high
heterogeneity at cutoff values less than 20 �g/g and 20 to
50 �g/g for sensitivity and negative LR and in all cutoffs
for specificity and positive LR (Table 2 and Appendix Fig-
ures 7 to 9). When we removed discontinued FITs, pooled
sensitivity estimates improved from 0.86 to 0.89 (CI, 0.80
to 0.95) at cutoff values less than 20 �g/g and were more
homogeneous (I2 � 26.4%) (Table 3). Similarly, pooled
sensitivity estimates improved from 0.63 to 0.70 (CI, 0.55
to 0.81) at cutoff values 20 to 50 �g/g and were also more
homogeneous (I2 � 0%) after removing discontinued
FITs (Table 3). More homogeneous negative LR estimates

Figure 2. Pooled sensitivity and specificity for fecal immunochemical tests for the detection of colorectal cancer for all
included studies.
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Combined

0.25 (0.05–0.57)

1.00 (0.54–1.00)

0.69 (0.50–0.84)

0.86 (0.57–0.98)

0.67 (0.09–0.99)

0.88 (0.62–0.98)

0.66 (0.54–0.76)

0.56 (0.31–0.78)

0.83 (0.52–0.98)

0.86 (0.67–0.96)

0.87 (0.78–0.93)

0.53 (0.29–0.76)

0.77 (0.46–0.95)

0.75 (0.35–0.97)

1.00 (0.77–1.00)

0.85 (0.55–0.98)

0.96 (0.82–1.00)

0.73 (0.45–0.92)

0.60 (0.32–0.84)

0.79 (0.69–0.86)

Q = 57.05; P = 0.00

I2 = 68.45%
(95% CI, 53.48%–83.42%)

Author, Year (Reference) Sensitivity (95% CI)

0.99 (0.98–0.99)

0.88 (0.86–0.90)

0.94 (0.94–0.95)

0.97 (0.96–0.97)

0.83 (0.73–0.91)

0.91 (0.90–0.92)

0.95 (0.94–0.95)

0.97 (0.96–0.97)

0.96 (0.95–0.96)

0.94 (0.94–0.95)

0.95 (0.95–0.95)

0.87 (0.86–0.88)

0.94 (0.92–0.95)

0.95 (0.93–0.96)

0.93 (0.91–0.94)

0.92 (0.91–0.92)

0.87 (0.85–0.88)

0.96 (0.95–0.96)

0.95 (0.94–0.96)

0.94 (0.92–0.95)

Q = 1200.46; P = 0.00

I2 = 98.50%
(95% CI, 98.21%–98.79%)

Specificity (95% CI)

0.1 0.3 0.5 0.7 0.9

Sensitivity

0.1 0.3 0.5 0.7 0.9

Specificity

The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.
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were also seen at cutoff values less than 20 �g/g and 20 to
50 �g/g after removal of discontinued FITs (Table 3).
However, specificity and positive LR estimates remained
similar at cutoff values less than 20 �g/g and 20 to 50 �g/g
despite removal of discontinued FITs with high heteroge-
neity (Table 3).

FIT Brand

There were no considerable differences in performance
characteristics among various commercial FIT brands, al-
though the CIs were fairly wide for sensitivity (Figure 2
and Table 1). Only 2 FIT brands (OC-Micro/Sensor and
OC-Light) had several studies that could be pooled in our
subgroup analyses. The pooled sensitivity of OC-Light
(0.93 [CI, 0.83 to 0.97]) was fairly similar to OC-Micro/
Sensor (0.86 [CI, 0.68 to 0.95]) (Table 2 and Appendix
Figures 10 and 11, available at www.annals.org). Similarly,
there was no difference in specificity between OC-Light
(0.91 [CI, 0.88 to 0.92]) and OC-Micro/Sensor (0.91 [CI,
0.87 to 0.94]). In both tests, heterogeneity between studies
was low for sensitivity (OC-Light, I2 � 26.6%; OC-
Micro, I2 � 0%) but high for specificity (Table 2 and
Appendix Figures 10 and 11). The negative LR estimates
were less than 0.20 for both tests (OC-Micro/Sensor and
OC-Light) with low heterogeneity, indicating the strong
diagnostic ability to rule out CRC (Table 2). Four studies
of OC-Light included a total of 20 785 participants, with
study sample sizes ranging from 1756 to 8822 (34, 43–
45); 3 of the 4 studies occurred in Taiwan (34, 44, 45),
using colonoscopy in all participants as the reference stan-

dard. All 4 studies (34, 43–45) used a single sample with
the same cutoff value for a positive test (10 �g/g). In the 5
studies of OC-Micro/Sensor, a total of 5545 participants
were enrolled, with study sample sizes ranging from 80 to
2235 (15, 33, 41, 42, 46); 2 studies were done in Israel
(15, 33), 1 in Korea (41), 1 in the Netherlands (42), and 1
in Germany. Four studies used colonoscopy as the refer-
ence standard (33, 41, 42, 46) as compared with Levi and
colleagues’ study (15), which used a 2-year longitudinal
follow-up for FIT-negative patients. Three of the 5 studies
used a 3-sample FIT with cutoffs ranging from 14 to 15
�g/g (15, 33, 41). The fourth and fifth study used a single-
sample FIT with cutoffs ranging from 6.1 to 15.0 �g/g
(42, 46).

Reference Standard

The sensitivity estimates varied depending on the ref-
erence standard used to follow up on patients with negative
FIT results. Studies using a colonoscopy to follow up on
patients with negative FIT results had a lower sensitivity
(0.71 [CI, 0.58 to 0.81]) compared with studies using
2-year or longer longitudinal follow-up (0.87 [CI, 0.75 to
0.93]) (Table 2 and Appendix Figures 12 and 13, avail-
able at www.annals.org). Specificity remained similar for
both subgroups. We saw low heterogeneity between studies
that used a 2-year longitudinal follow-up for sensitivity and
negative LR estimates (Table 2). In contrast, we saw high
heterogeneity among studies that used colonoscopy to fol-
low up on patients with negative FIT results for both sen-
sitivity and negative LR. However, after removing discon-

Table 2. Subgroup Analysis Based on FIT Samples, FIT Cutoff Value, FIT Brand, and Reference Standard

Variable Studies,
n

Sensitivity
(95% CI)

I 2* Between-
Study
Variance
in Logit
Sensitivity

Specificity
(95% CI)

I 2* Between-
Study
Variance
in Logit
Specificity

Positive LR
(95% CI)

I 2* Negative LR
(95% CI)

I 2*

FIT samples
1-sample 13 0.78 (0.65–0.87) 75.9 1.00 0.95 (0.93–0.96) 98.9 0.33 14.2 (11.6–17.5) 91.6 0.24 (0.15–0.38) 84.8
2-sample 4 0.77 (0.59–0.89) 61.1 0.43 0.93 (0.90–0.95) 98.7 0.17 11.2 (6.5–19.5) 89.0 0.25 (0.13–0.49) 73.9
3-sample 6 0.80 (0.66–0.89) 5.2 0.07 0.93 (0.89–0.95) 97.7 0.30 11.3 (7.4–17.5) 88.4 0.21 (0.12–0.38) 0

FIT cutoff value for
a positive test
result

�20 �g/g 11 0.86 (0.75–0.92) 56.4 0.60 0.91 (0.89–0.93) 98.6 0.16 9.8 (7.7–12.5) 93.3 0.16 (0.09–0.28) 62.2
20–50 �g/g 6 0.63 (0.43–0.79) 56.2 0.60 0.96 (0.94–0.97) 94.7 0.25 16.6 (12.9–21.4) 0 0.39 (0.24–0.63) 73.1
�50 �g/g 4 0.67 (0.59–0.74) 33.2 0.00 0.96 (0.94–0.98) 99.2 0.24 18.7 (11.7–29.8) 92.2 0.34 (0.27–0.43) 37.6

FIT brand
OC-Micro/Sensor 5 0.86 (0.68–0.95) 0 0.28 0.91 (0.87–0.94) 95.5 0.21 9.7 (6.8–13.9) 54.4 0.16 (0.06–0.38) 0
OC-Light 4 0.93 (0.83–0.97) 26.6 0.07 0.91 (0.88–0.92) 95.9 0.06 9.9 (8.0–12.2) 85.7 0.08 (0.03–0.20) 9.99

Reference standard
Colonoscopy 12 0.71 (0.58–0.81) 64.4 0.66 0.94 (0.91–0.96) 98.8 0.47 11.4 (8.6–15.2) 82.1 0.31 (0.21–0.45) 74.0
2-y follow-up† 7 0.87 (0.75–0.93) 39.0 0.39 0.94 (0.92–0.96) 97.1 0.18 15.2 (11.6–20.0) 85.4 0.14 (0.07–0.27) 29.5

FIT � fecal immunochemical test; LR � likelihood ratio.
* Inconsistency index minus the measure of heterogeneity.
† At least a 2-y longitudinal follow-up with medical records or cancer registry.
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tinued FITs, sensitivity estimates for the colonoscopy
studies improved from 0.73 to 0.77 (CI, 0.65 to 0.86) and
were more homogeneous (I2 � 45.7%) (Table 3).

Meta-regression

We did a meta-regression analysis to evaluate for ad-
ditional causes of heterogeneity. The meta-regression
showed that geographic region (Asian countries or non-
Asian countries) and the type of FIT (qualitative or quan-
titative) were also significant predictors of heterogeneity for
sensitivity (Appendix Table 3, available at www.annals
.org). In addition, all prespecified covariates were signifi-
cant predictors of heterogeneity for specificity; however,
the magnitude of change between the summary estimates
and CIs in each subgroup was small.

DISCUSSION

Our meta-analysis suggests that the pooled sensitivity
and specificity of FITs for CRC were approximately 79%
and 94%, respectively. In addition, the overall accuracy of
FIT was 95%. We saw high heterogeneity among studies
(as defined by the I2 statistic) for all diagnostic measures.
To address this issue, we did prespecified subgroup analy-
ses to investigate potential sources of heterogeneity be-
tween studies.

We assumed that the heterogeneity in test perfor-
mance may be because of the number of FIT samples used
in each study. Surprisingly, we found that increasing the
number of FIT samples did not affect the pooled sensitiv-

ities, specificities, positive LRs, or negative LRs of FITs for
CRC. Only 2 studies (36, 41) to date have directly evalu-
ated the effect of FIT sample number on the diagnostic
accuracy of FITs in average-risk asymptomatic participants;
these showed a tradeoff between sensitivity and specificity
with increasing FIT samples. However, in both studies, the
magnitude of change between 1-, 2-, and 3-sample FIT
accuracy was highly variable depending on the cutoff value
and reference standard used. A 1-sample FIT regimen for
CRC detection may ultimately be desirable, given the im-
portance of optimizing overall adherence in repeated
rounds of annual or biennial testing for programmatic
screening.

We also evaluated whether different cutoff values for a
positive FIT result led to the disparate results found be-
tween previous studies; these analyses confirmed that the
sensitivity and specificity of FIT for CRC were influenced
by the varying cutoff values used to define an abnormal
test. Not surprisingly, sensitivity improved with lower as-
say cutoff values for a positive test result but with a corre-
sponding decrease in specificity. More important, sensitiv-
ity estimates were more homogeneous after being stratified
by cutoff and discontinued FITs (that is, OC-Hemodia)
were removed suggesting that 89%, 70%, and 67% are
reasonable estimations of the true sensitivity at cutoff val-
ues less than 20 �g/g and 20 to 50 �g/g and greater than
50 �g/g, respectively. Although our study could not iden-
tify the optimal cutoff value for CRC screening, a FIT
cutoff value less than 20 �g/g had the best combination of

Table 3. Sensitivity Analysis: Summary Estimates of Subgroups After Removing Discontinued FITs

Variable Studies,
n

Sensitivity
(95% CI)

I 2* Between-
Study
Variance
in Logit
Sensitivity

Specificity
(95% CI)

I 2* Between-
Study
Variance
in Logit
Specificity

Positive LR
(95% CI)

I 2* Negative LR
(95% CI)

I 2*

FIT sample

1-sample 11 0.78 (0.65–0.87) 58.1 0.63 0.94 (0.92–0.95) 98.2 0.17 12.8 (10.8–15.1) 85.9 0.23 (0.14–0.38) 49.8
2-sample† 4 0.77 (0.59–0.89) 61.1 0.43 0.93 (0.90–0.95) 98.7 0.17 11.2 (6.5–19.5) 89.0 0.25 (0.13–0.49) 73.9
3-sample 6 0.80 (0.66–0.89) 5.2 0.07 0.93 (0.89–0.95) 97.7 0.30 11.3 (7.4–17.5) 88.4 0.21 (0.12–0.38) 0

FIT cutoff value for
a positive test
result

�20 �g/g 9 0.89 (0.80–0.95) 26.4 0.32 0.91 (0.89–0.93) 94.9 0.12 10.2 (8.3–12.3) 75.2 0.12 (0.06–0.22) 14.5
20–50 �g/g 5 0.70 (0.55–0.81) 0 0.10 0.95 (0.95–0.96) 82.0 0.03 15.3 (12.5–18.8) 0 0.32 (0.21–0.49) 0
�50 �g/g 4 0.67 (0.59–0.74) 33.2 0.00 0.96 (0.94–0.98) 99.2 0.24 18.7 (11.7–29.8) 92.2 0.34 (0.27–0.43) 37.6

FIT brand
OC-Micro/Sensor 5 0.86 (0.68–0.95) 0 0.28 0.91 (0.87–0.94) 95.5 0.21 9.7 (6.8–13.9) 54.4 0.16 (0.06–0.38) 0
OC-Light 4 0.93 (0.83–0.97) 26.6 0.07 0.91 (0.88–0.92) 95.9 0.06 9.9 (8.0–12.2) 85.7 0.08 (0.03–0.20) 9.99

Reference standard
Colonoscopy 10 0.77 (0.65–0.86) 45.7 0.60 0.93 (0.91–0.95) 98.2 0.21 11.6 (9.6–14.0) 78.9 0.25 (0.16–0.39) 27.1
2-y follow-up‡ 5 0.91 (0.78–0.97) 0 0.52 0.94 (0.91–0.96) 97.9 0.25 15.6 (10.8–22.7) 88.0 0.09 (0.03–0.25) 0

FIT � fecal immunochemical test; LR � likelihood ratio.
* Inconsistency index minus the measure of heterogeneity.
† Unable to do a sensitivity analysis because of the lack of data sets/studies.
‡ At least a 2-y longitudinal follow-up with medical records or cancer registry.
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sensitivity and specificity for CRC (89% and 91%, respec-
tively) and the lowest negative LR (0.16) compared with
the subgroups with cutoff values of 20 to 50 �g/g and
greater than 50 �g/g. However, resource use is an impor-
tant consideration when choosing a cutoff threshold be-
cause studies using a 1-sample FIT with cutoff values less
than 20 �g/g had positivity rates from 5.3% to 14.2%,
which were generally greater than those for 1-sample FITs
at cutoff values of 20 to 50 �g/g (1.4% to 7.5%). Consid-
ering the lack of colonoscopy resources across the world,
identifying an optimal cutoff value for defining a positive
result deserves considerable attention because this number
can influence both the number of cancer cases detected as
well as the number of colonoscopies needed in a CRC
screening program.

Overall, no single commercial FIT brand seemed to
perform markedly better or worse than others for CRC
detection, but this finding should be interpreted cautiously
because most studies did not include head-to-head com-
parisons. Only 2 of the 8 FIT brands had several studies
for pooling in our subgroup analysis by brand, which dem-
onstrated that OC-Light had similar sensitivity and speci-
ficity (93% and 91%, respectively) compared with OC-
Micro/Sensor (86% and 91%). Furthermore, there was
low statistical heterogeneity in both FIT brands for sensi-
tivity. Although Eiken manufactures both tests, OC-Light
is a qualitative FIT that is primarily used as a rapid point-
of-care test. In contrast, OC-Micro/Sensor is a quantitative
FIT that requires a machine or analyzer to measure human
hemoglobin through an optical latex agglutination tech-
nique. Of interest, studies using quantitative FITs had a
lower sensitivity compared with qualitative FITs (73% vs.
85%) in our meta-regression. However, when removing
the discontinued quantitative FIT, OC-Hemodia, sensitiv-
ity in the quantitative FIT group increased from 73% to
77%, with more homogeneous results (I2 � 12.1%), indi-
cating that the lower sensitivity of OC-Hemodia was prob-
ably the main factor contributing to the variation between
quantitative and qualitative FIT sensitivity estimates. The
relatively similar sensitivity and specificity between the 2
FIT brands (OC-Light and OC-Micro/Sensor) and FIT
formats is clinically useful for CRC screening programs
interested in fecal-based screening options. Given the con-
venience, costs, and rapid turnaround, qualitative FITs,
such as OC-Light, may be better suited for use in clinics,
whereas quantitative FITs may be more efficient and cost-
effective when used in large, organized screening programs.

Our study had several limitations. First, heterogeneity
existed in most analyses. Nonetheless, the more homoge-
neous subgroup summary estimates were generally very
similar to the overall summary estimates, suggesting that
despite some statistical heterogeneity, which was probably
from the high degree of precision of each study, the overall
summary measures are reasonable estimations of overall
FIT test accuracy. Second, our meta-analysis was subject to
the detection, verification, and spectrum biases of the orig-

inal studies. Of the 19 included studies, 7 used at least a
2-year longitudinal follow-up for patients with negative
FIT results as an acceptable reference standard. Previous
studies have indicated that using a 2- or 3-year follow-up as
a reference standard potentially overestimates sensitivity
and underestimates specificity because of verification bias
(9, 36). Nakama and colleagues (36) found that sensitivity
of FITs for CRC using a 2-year longitudinal follow-up was
83% compared with 71% at 3 years. Whether this differ-
ence in sensitivity is because of incident, rapidly growing
cancer between 2 and 3 years of follow-up or verification
bias is unclear. However, cancer is even missed when
colonoscopy is used at a rate of at least 0.2% to 5.0%
(47–53). Third, 4 studies enrolling patients younger than
40 years may have introduced spectrum bias into our anal-
ysis. However, this factor only contributed to the hetero-
geneity in specificity. Fourth, we omitted non-English
studies, which could have resulted in language bias, al-
though previous studies suggest that this has little effect on
the overall conclusions (54, 55). Fifth, we could not deter-
mine the sensitivity and specificity of FIT for CRC strati-
fied by site (proximal vs. distal) because many studies did
not report the site of each CRC. Sixth, our study may be
subject to publication bias. Last, because of the complexity
of accounting and adjusting for various definitions of ad-
vanced adenoma, the current study does not report on the
performance of FIT for advanced adenoma.

In summary, this systematic review and meta-analysis
suggests that FITs have high accuracy, high specificity, and
moderately high sensitivity for detection of CRC. Pooled
test performance estimates show that the accuracy of a spe-
cific qualitative FIT (OC-Light) is similar to that of a spe-
cific quantitative FIT (OC-Micro/Sensor) for detecting
CRC. This finding suggests that FIT type could be cus-
tomized to different-sized care settings without significant
variability in accuracy. In addition, FIT’s diagnostic per-
formance was dependent on the cutoff value used to define
a positive test. Health systems wishing to optimize use of a
quantitative FIT should consider the tradeoff between in-
creasing sensitivity (by lowering the cutoff threshold for a
positive test) and the resulting increase in the number of
positive test results, which will have a greater effect on
colonoscopy resources. The current data do not provide
definitive information about the effect of sample number
on FIT performance; systems should look at individual
studies comparing test performance and positivity rates
among 1-, 2-, and 3-sample iterations of the same test
(36, 41) to make decisions about performance versus test
positivity tradeoffs (for specific FITs) in varying sample
number.
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Appendix Table 1. Search Strategy

MEDLINE (Ovid) Search Strategy
1 fecal.ti,ab,hw. (38014)
2 faecal.ti,ab,hw. (16604)
3 feces.ti,ab,hw. (73832)
4 1 or 2 or 3 (102056)
5 exp immunoassay/ (403733)
6 exp enzyme-linked immunosorbent assay/ (115110)
7 immunochemi$.ti,ab,hw. (26200)
8 exp Immunochemistry/ (238397)
9 or/5-8 (617537)
10 4 and 9 (4973)
11 FIT.ti,ab,hw. (66545)
12 guaiac.ti,ab,hw. (637)
13 occult blood.ti,ab,hw. (5627)
14 fobt$.ti,ab. (840)
15 fob$.ti,ab. (1502)
16 ifobt.ti,ab. (55)
17 ifob$.ti,ab,hw. (58)
18 or/7,10-17 (103072)
19 Insure.mp. (2487)
20 Inform.mp. (25162)
21 19 or 20 (27634)
22 18 and 21 (317)
23 Instant-view.mp. (5)
24 Instant View.mp. (5)
25 Hemoccult.mp. (520)
26 Immocare.mp. (3)
27 Flexsure.mp. (28)
28 Monohaem.mp. (33)
29 Hemosure.mp. (1)
30 Occultech.mp. (1)
31 Quickvue.mp. (89)
32 Clearview.mp. (86)
33 Hemoquant.mp. (47)
34 Hema screen.mp. (2)
35 Hema-screen.mp. (2)
36 Innovacon.mp. (1)
37 OC-Micro.mp. (9)
38 OC Micro.mp. (9)
39 OC-Sensor.mp. (17)
40 OC Sensor.mp. (17)
41 OC-Hemodia.mp. (16)
42 OC Hemodia.mp. (16)
43 OC-Light.mp. (2)
44 OC Light.mp. (2)
45 Aimstep.mp. (0)
46 Magstream.mp. (10)
47 Immudia.mp. (6)
48 or/18,22-47 (103377)
49 exp “predictive value of tests�/ (125700)
50 exp “Sensitivity and specificity�/ (371895)
51 exp False Negative Reactions/ (15236)
52 exp False Positive Reactions/ (23021)
53 exp Reproducibility of Results/ (242180)
54 exp Reference Values/ (138214)
55 exp Diagnostic Errors/ (87977)
56 exp Reference Standards/ (31448)
57 exp Observer Variation/ (28598)
58 exp Quality Assurance, Health Care/ (236607)
59 standards.fs. (508061)
60 sensitiv$.ti,ab. (882592)
61 specificit$.ti,ab. (312517)
62 predictive value.ti,ab. (50699)
63 accurac$.ti,ab. (200813)
64 false positive$.ti,ab. (39039)
65 false negative$.ti,ab. (22776)
66 miss rate$.ti,ab. (203)
67 error rate$.ti,ab. (7478)
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Appendix Table 1—Continued

68 detection rate$.ti,ab. (11682)
69 diagnostic yield$.ti,ab. (4734)
70 likelihood ratio$.ti,ab. (7576)
71 odds ratio/and di.fs. (7310)
72 diagnostic odds ratio$.ti,ab. (443)
73 or/49-72 (2331963)
74 48 and 73 (23874)
75 exp Colorectal Neoplasms/ (134899)
76 exp Colonic Neoplasms/ (63388)
77 exp Sigmoid Neoplasms/ (3740)
78 exp Rectal Neoplasms/ (35360)
79 exp Intestinal Polyps/ (11351)
80 exp Colonic Polyps/ (5666)
81 colon cancer.ti,ab,hw. (26207)
82 colonic cancer.ti,ab,hw. (2114)
83 colorectal cancer.ti,ab,hw. (48264)
84 colon neoplasm.ti,ab,hw. (35)
85 colonic neoplasm.ti,ab,hw. (130)
86 colorectal neoplasm.ti,ab,hw. (220)
87 adenoma$.ti,ab,hw. (86623)
88 colon polyp.ti,ab,hw. (157)
89 colonic polyp.ti,ab,hw. (238)
90 colorectal polyp.ti,ab,hw. (181)
91 or/75-90 (223731)
92 74 and 91 (1814)
93 limit 92 to english language (1593)
94 limit 93 to humans (1532)
95 limit 94 to yr��2008 - 2012� (447)

DARE, Cochrane Database, and HTA Search Strategy
#1 occult blood:kw
#2 “fecal occult blood�:ti,ab
#3 “faecal occult blood�:ti,ab
#4 “fecal immunochemical�:ti,ab
#5 “faecal immunochemical�:ti,ab
#6 fobt*:ti,ab
#7 ifobt*:ti,ab
#8 “instant-view�:ti,ab,kw
#9 “instant view�:ti,ab,kw
#10 “Hemoccult�:ti,ab,kw
#11 “immocare�:ti,ab,kw
#12 “flexsure obt�:ti,ab,kw
#13 “monohaem�:ti,ab,kw
#14 “hemosure�:ti,ab,kw
#15 “hemoccult ict�:ti,ab,kw
#16 “Occultech�:ti,ab,kw
#17 “Quickvue�:ti,ab,kw
#18 “clearview�:ti,ab,kw
#19 “hemoquant�:ti,ab,kw
#20 “hema screen�:ti,ab,kw
#21 “hemascreen�:ti,ab,kw
#22 “hema-screen�:ti,ab,kw
#23 “innovacon�:ti,ab,kw
#24 “oc micro�:ti,ab,kw
#25 “oc-micro�:ti,ab,kw
#26 “oc sensor�:ti,ab,kw
#27 “oc-sensor�:ti,ab,kw
#28 “oc light�:ti,ab,kw
#29 “oc-light�:ti,ab,kw
#30 “oc hemodia�:ti,ab,kw
#31 “oc-hemodia�:ti,ab,kw
#32 “aimstep�:ti,ab,kw
#33 “magstream�:ti,ab,kw
#34 “immudia�:ti,ab,kw
#35 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or

#12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21
or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31
or #32 or #33 or #34

#36 “sensitivity�:kw
#37 “specificity�:kw

Appendix Table 1—Continued

#38 “predictive value�:kw
#39 “roc�:kw
#40 receiver next operat*:kw
#41 false next negative:kw
#42 false next positive:kw
#43 diagnostic next error*:kw
#44 reproducibility:kw
#45 reference next value*:kw
#46 refererence next standards:kw
#47 diagnostic next accuracy:kw
#48 diagnostic next value:kw
#49 #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43 or #44 or #45

or #46 or #47 or #48
#50 #35 and #49
#51 sensitiv*.ti,ab
#52 specificit*:ti,ab
#53 predictive next value:ti,ab
#54 accurac*:ti,ab
#55 miss next rate*:ti,ab
#56 detection next rate*:ti,ab
#57 diagnostic next yield*:ti,ab
#58 likelihood next ratio*.ti,ab
#59 diagnostic next odds next ratio*.ti,ab
#60 “odds ratio� and “diagnosis�:kw
#61 #52 or #53 or #54 or #55 or #56 or #57 or #58 or #59 or #60
#62 #35 and #61
#63 #50 or #62
#64 screening:kw
#65 screen*:ti,ab
#66 #64 or #65
#67 #63 and #66 from 2008 to 2012

EMBASE Search Strategy
#1 Fecal
#2 faecal
#3 feces
#4 #1 OR #2 OR #3
#5 ‘immunochemistry’/exp
#6 immunochem*
#7 #5 OR #6
#8 #4 AND #7
#9 fit:ab,ti
#10 guaiac:ab,ti
#11 ‘occult blood’
#12 fobt*
#13 fob*
#14 ifobt
#15 ifob*
#16 #6 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15
#17 insure
#18 inform
#19 #17 OR #18
#20 #16 AND #19
#21 ‘instant view’
#22 hemoccult
#23 immocare
#24 flexsure
#25 monohaem
#26 hemosure
#27 occultech
#28 quickvue
#29 clearview
#30 hemoquant
#31 ‘hema screen’
#32 innovacon
#33 ‘oc micro’
#34 ‘oc sensor’
#35 ‘oc hemodia’

Continued on following page

4 February 2014 Annals of Internal Medicine Volume 160 • Number 3 www.annals.org

Downloaded From: http://annals.org/ by a University Hospital User  on 02/04/2014



Appendix Table 1—Continued

#36 ‘oc light’
#37 aimstep
#38 magstream
#39 immudia
#40 #16 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR

#27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35
OR #36 OR #37 OR #38 OR #39

#41 ‘predictive value’/de
#42 ‘sensitivity and specificity’/de
#43 ‘laboratory diagnosis’/exp
#44 ‘reproducibility’/de
#45 ‘reference value’/de
#46 ‘diagnostic error’/exp
#47 ‘diagnostic test accuracy study’/de
#48 ‘diagnostic accuracy’/de
#49 ‘diagnostic value’/de
#50 ‘standard’/de
#51 ‘gold standard’/de
#52 ‘observer variation’/de
#53 ‘health care quality’/de
#54 ‘biomedical technology assessment’/de
#55 ‘clinical effectiveness’/de
#56 ‘clinical indicator’/de
#57 ‘medical error’/exp
#58 ‘root cause analysis’/de
#59 ‘good laboratory practice’/de
#60 ‘validation process’/de
#61 sensitiv*:ab,ti
#62 specificit*:ab,ti
#63 ‘predictive value’:ab,ti
#64 accurac*:ab,ti
#65 (false NEXT/1 positive*):ab,ti
#66 (false NEXT/1 negative*):ab,ti
#67 (miss NEXT/1 rate*):ab,ti
#68 (error NEXT/1 rate*):ab,ti
#69 (detection NEXT/1 rate*):ab,ti
#70 (diagnostic NEXT/1 yield*):ab,ti
#71 (likelihood NEXT/1 ratio*):ab,ti
#72 ‘odds ratio’:ab,ti AND diagnosis:ab,ti
#73 risk:ab,ti AND diagnosis:ab,ti
#74 ‘diagnostic odds ratio’:ab,ti OR’diagnostic odds ratios’:ab,ti
#75 ‘diagnostic accuracy’
#76 ‘reference standard’:ab,ti OR ‘reference standards’:ab,ti
#77 #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47 OR #48 OR

#49 OR #50 OR #51 OR #52 OR #53 OR #54 OR #55 OR #56 OR #57
OR #58 OR #59 OR #60 OR #61 OR #62 OR #63 OR #64 OR #65 OR
#66 OR #67 OR #68 OR #69 OR #70 OR #71 OR #72 OR #73 OR #74
OR #75 OR #76

#78 #40 AND #77
#79 ‘colon tumor’/exp
#80 ‘rectum tumor’/exp
#81 ‘intestine polyp’/exp
#82 ‘colon polyp’/exp
#83 ‘colon cancer’:ab,ti
#84 ‘colonic cancer’:ab,ti
#85 ‘colorectal cancer’:ab,ti
#86 ‘colon neoplasm’:ab,ti
#87 ‘colonic neoplasm’:ab,ti
#88 ‘colorectal neoplasm’:ab,ti
#89 adenoma*:ab,ti
#90 ‘colon polyp’:ab,ti
#91 ‘colonic polyp’:ab,ti
#92 ‘colorectal polyp’:ab,ti
#93 #79 OR #80 OR #81 OR #82 OR #83 OR #84 OR #85 OR #86 OR

#87 OR #88 OR #89 OR #90 OR #91 OR #92
#94 #78 AND #93
#95 #78 AND #93 AND [english]/lim
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#96 #78 AND #93 AND [english]/lim NOT ([animals]/lim NOT
([humans]/lim OR ’patient’/exp))

#97 #78 AND #93 AND [english]/lim NOT ([animals]/lim NOT
([humans]/lim OR ’patient’/exp)) NOT ’conference abstract’/it

#98 #78 AND #93 AND [english]/lim NOT ([animals]/lim NOT
([humans]/lim OR ’patient’/exp)) NOT ’conference abstract’/it AND
[2008-2012]/py

Appendix Figure 1. Overall quality assessment of included
studies.
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Appendix Table 2. Quality Assessment of Diagnostic Accuracy Studies 2 Results for Included Studies

Author, Year (Reference) Risk of Bias Applicability Concerns

Patient
Selection

Index Test Reference
Standard

Flow and
Timing

Patient Selection Index Test Reference
Standard

Sohn et al, 2005 (14) Unclear risk Unclear risk Unclear risk Low risk High risk Low risk Low risk
Levi et al, 2011 (15) Low risk Low risk High risk High risk Low risk Low risk Low risk
Allison et al, 1996 (31) High risk Low risk High risk High risk Low risk Low risk Low risk
Allison et al, 2007 (32) High risk Low risk High risk High risk High risk Low risk Low risk
Levi et al, 2007 (33) Low risk Low risk Low risk Low risk High risk Low risk Low risk
Cheng et al, 2002 (34) High risk Low risk Low risk Low risk High risk Low risk Low risk
Morikawa et al, 2005 (35) Low risk Low risk Low risk Low risk High risk Low risk Low risk
Nakama et al, 1999 (36) Unclear risk Unclear risk Unclear risk Low risk High risk Low risk Low risk
Nakama et al, 1996 (37) Unclear risk Unclear risk High risk High risk High risk Low risk Low risk
Launoy et al, 2005 (38) Low risk Low risk High risk High risk Low risk Low risk Low risk
Itoh et al, 1996 (39) Low risk Low risk High risk High risk Low risk Low risk Low risk
Nakazato et al, 2006 (40) Low risk Low risk Low risk Low risk High risk Low risk Low risk
Park et al, 2010 (41) Low risk Low risk Low risk Low risk Low risk Low risk Low risk
de Wijkerslooth et al, 2012 (42) Low risk Low risk Low risk Low risk High risk Low risk Low risk
Parra-Blanco et al, 2010 (43) Low risk Low risk High risk High risk Low risk Low risk Low risk
Chiu et al, 2013 (44) Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Chiang et al, 2011 (45) Low risk Low risk Low risk Low risk High risk Low risk Low risk
Brenner and Tao, 2013 (46) Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Brenner and Tao, 2013 (46) Low risk Low risk Low risk Low risk Low risk Low risk Low risk
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Appendix Figure 2. Pooled positive and negative likelihood ratios for fecal immunochemical tests for the detection of colorectal
cancer for all included studies.
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Appendix Figure 3. HSROC curve of the sensitivity versus
specificity of fecal immunochemical tests for the detection
of colorectal cancer for all included studies.
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The circles represent the data from each included study, the straight line
represents the curve, and the diamond represents the summary point of
the curve to which the pooled sensitivity and specificity correspond. The
dashed line represents the 95% confidence area for the summary point,
and the dotted line represents the 95% confidence area in which a new
diagnostic accuracy fecal immunochemical test study will be located.
AUC � area under the curve; SENS � sensitivity; SPEC � specificity;
HSROC � hierarchical summary receiver-operating characteristic.
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Appendix Figure 4. Subgroup analysis: pooled sensitivity and specificity for 1-sample fecal immunochemical test studies.
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The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.

Appendix Figure 5. Subgroup analysis: pooled sensitivity and specificity for 2-sample fecal immunochemical test studies.
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The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.
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Appendix Figure 6. Subgroup analysis: pooled sensitivity and specificity for 3-sample fecal immunochemical test studies.
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The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.

Appendix Figure 7. Subgroup analysis: pooled sensitivity and specificity for fecal immunochemical test studies with cutoff
<20 �g/g.
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The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.
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Appendix Figure 8. Subgroup analysis: pooled sensitivity and specificity for fecal immunochemical test studies with cutoff
20–50 �g/g.
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The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.

Appendix Figure 9. Subgroup analysis: pooled sensitivity and specificity for fecal immunochemical test studies with cutoff
>50 �g/g.
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The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.
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Appendix Figure 10. Subgroup analysis: pooled sensitivity and specificity for OC-Light fecal immunochemical tests.
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The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.

Appendix Figure 11. Subgroup analysis: pooled sensitivity and specificity for OC-Micro fecal immunochemical tests.
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The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.
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Appendix Figure 12. Subgroup analysis: pooled sensitivity and specificity for studies using colonoscopy to follow-up of patients
with negative fecal immunochemical test results.
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The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.

Appendix Figure 13. Subgroup analysis: pooled sensitivity and specificity for studies using a 2-y longitudinal follow-up of patients
with negative fecal immunochemical test results.
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The circles in squares represent the point estimate, the horizontal lines represent the 95% CI, the dotted lines represent the pooled estimate, and the
diamonds represent the 95% CI of the pooled estimate.
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Appendix Table 3. Results of Bivariate Meta-regression With Covariates

Category Studies, n Sensitivity (95% CI) P Value Specificity (95% CI) P Value

Geographic region
Asian countries 10 0.75 (0.63–0.87) 0.04 0.94 (0.92–0.96) �0.01
Non-Asian countries 9 0.83 (0.72–0.94) 0.04 0.94 (0.92–0.96) �0.01

FIT format
Quantitative 11 0.73 (0.61–0.85) 0.01 0.94 (0.92–0.96) �0.01
Qualitative 8 0.85 (0.75–0.95) 0.01 0.94 (0.91–0.96) �0.01

Patient age
�40 y 4 0.74 (0.55–0.94) 0.24 0.94 (0.91–0.97) �0.01
�40 y 14 0.79 (0.70–0.89) 0.24 0.94 (0.93–0.96) �0.01

FIT � fecal immunochemical test.
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